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,QWURGXFWLRQ
'LVFRYHUHGLQ'XFWLOH&DVW,URQV'&,VFDQEHFRQVLGHUHGDV WHUQDU\)H&6LDOOR\VFKDUDFWHUL]HGE\&
DQG6LFRQWHQWV WKDWUDQJHEHWZHHQDQGUHVSHFWLYHO\*UDSKLWHHOHPHQWVDUHFKDUDFWHUL]HGE\D
QRGXOHOLNHVKDSHDQGWKHLUQXFOHDWLRQDQGJURZWKDUHLQIOXHQFHGE\PDQ\SDUDPHWHUVOLNHWKHDOOR\SXULW\OHYHODQG
WKH VSKHURLGL]LQJHOHPHQWV DGGLWLRQ OLNH0J&DRU UDUHHDUWK OLNH&HRU/D >@*UDSKLWH HOHPHQWV FDQQXFOHDWH
FRUUHVSRQGLQJWRGLIIHUHQWQXFOHDWLRQVLWHVOLNHJDVEXEEOHVRUVRPHLQFOXVLRQVHJ0J6&D66U60J2>@
DQG WKH\ JURZWK E\PHDQV RI D FDUERQ VROLG VWDWH GLIIXVLRQPHFKDQLVP WKURXJK WKH DXVWHQLWH VKLHOGV DURXQG WKH
JUDSKLWH VSKHUXOLWH$V ILQDO UHVXOW RI WKH VROLGLILFDWLRQ DQG FRROLQJSURFHVV'&,V FDQEH FRQVLGHUHG DV D VRUW RI
³QDWXUDOFRPSRVLWH´ZLWKJUDSKLWHQRGXOHVHPEHGGHGLQDPHWDOPDWUL[0LFURVWUXFWXUHVWURQJO\LQIOXHQFHVWKH'&,V
PHFKDQLFDO SURSHUWLHV ERWK FRQVLGHULQJ WKH JUDSKLWH QRGXOHV PRUSKRORJLFDO SHFXOLDULWLHV HJ QRGXODULW\
GLPHQVLRQGLVWULEXWLRQDQGFRQVLGHULQJWKHPDWUL[SKDVHVIHUULWLFSHDUOLWLFIHUULWLFSHDUOLWLFPDUWHQVLWLFDXVWHQLWLF
DXVWHPSHUHG'&,VFDQEHREWDLQHGFRQWUROOLQJ WKHFKHPLFDOFRPSRVLWLRQDQGRU WKHPDQXIDFWXULQJSURFHVVDQGRU
RSWLPL]LQJKHDWWUHDWPHQWSURFHVVHV'DPDJLQJPLFURPHFKDQLVPVDUHVWURQJO\LQIOXHQFHGE\WKHORDGLQJFRQGLWLRQV
HJ VWDWLFRUTXDVL VWDWLFRU F\FOLFRUG\QDPLF VWUHVV DQGE\ WKH'&,PLFURVWUXFWXUH >@ FRQVLGHULQJERWK WKH
PDWUL[SKDVHVDQGWKHJUDSKLWHQRGXOHVPRUSKRORJLFDOSHFXOLDULWLHV)RFXVVLQJRQIHUULWLF'&,JUDSKLWHQRGXOHVDUH
RIWHQ FRQVLGHUHG DV YRLGV HPEHGGHG LQ D GXFWLOH PDWUL[ >@ EXW PRUH UHFHQW DQDO\VLV >@ VKRZHG WKDW IHUULWLF
PDWUL[JUDSKLWHQRGXOHVGHERQGLQJLVQRWWKHPRVWLPSRUWDQWGDPDJLQJPLFURPHFKDQLVPGXHWRWKHSUHVHQFHRID
PHFKDQLFDOSURSHUWLHVJUDGLHQW LQVLGHWKHJUDSKLWHQRGXOHV WKHLQLWLDWLRQDQGSURSDJDWLRQRIFUDFNVLQVLGHJUDSKLWH
QRGXOHVLVPRUHRIWHQREVHUYHGVRFDOOHG³RQLRQOLNHPHFKDQLVP´
,QWKLVZRUNDQH[SHULPHQWDODQGQXPHULFDOSURFHGXUHZDVRSWLPL]HGLQRUGHUWRREWDLQD'UHSUHVHQWDWLRQRID
IHUULWLF'&,ZLWK WKH HIIHFWLYHJUDSKLWH QRGXOHV VKDSH DQGGLVWULEXWLRQ$QRGXOH'PRGHOZDV UHFRQVWUXFWHGE\
VWDFNLQJ DOO WKH FROOHFWHG LPDJHV7KH LGHD RI FRQVLGHULQJ WKH'PRGHOL]DWLRQ WR EHWWHU FKDUDFWHUL]H WKH LQWHUQDO
VWUXFWXUHRIDQREMHFWLQPDWHULDOVFLHQFHPHGLFLQHDQGVRRQKDVEHHQLPSOHPHQWHGLQWKHODVW\HDUVGXHWRWKH
GHYHORSPHQWRI LPDJHSURFHVVLQJ WHFKQLTXHVDQGVRIWZDUHIRU WKH'UHFRQVWUXFWLRQ3DUWLFXODUDWWHQWLRQKDVEHHQ
GHYRWHG WR WKH UHFRQVWUXFWLRQ RI FRPSOH[ ' SRUH PRUSKRORJLHV > @ 7KH NQRZOHGJH RI WKH PDWHULDO
PLFURVWUXFWXUHDQGRI WKH VSDWLDOGLVWULEXWLRQRI WKHSRUHVDOORZHG WKHHYDOXDWLRQRI WLWDQLXPDOOR\¶VSURSHUWLHVE\
XVLQJVHFWLRQPLFURVFRS\>@7KHUHFRQVWUXFWHG'PLFURVWUXFWXUHFRXOGEHXVHIXOIRUDILQLWHHOHPHQWDQDO\VLVRI
PHFKDQLFDO UHVSRQVH >@ 7KH PHFKDQLFDO EHKDYLRU DQG SURSHUWLHV WKH <RXQJ¶V PRGXOXV DQG WKH VWUHVVVWUDLQ
EHKDYLRU RI KHWHURJHQHRXVPDWHULDOV FRXOG EH SUHGLFWHG E\ WKH 'PRGHOLQJ >@ ' LPDJHVZHUH DFTXLUHG E\
VHULDOVHFWLRQLQJPHWKRGDQGXVHGWRUHFRQVWUXFWWKH'PLFURVWUXFWXUHRIWKHPDWHULDOIRUWKHILQLWHHOHPHQWDQDO\VLV
7KHDSSURDFKWKDWZLOOEHXVHGLQWKLVSDSHULVVLPLODUWRWKHRQHMXVWGLVFXVVHG
7KHUHVXOWRIWKLVDQDO\VLVZDVXVHGWRVLPXODWHWKHPHFKDQLFDOEHKDYLRXURIWKHLQYHVWLJDWHG'&,FRQVLGHULQJWKH
HIIHFWLYHJUDSKLWHQRGXOHVKDSHDQGWKHSUHVHQFHRIDQLQWHUQDOJUDGLHQWRIPHFKDQLFDOSURSHUWLHV
,QYHVWLJDWHGPDWHULDODQGH[SHULPHQWDOSURFHGXUH
2.1. Investigated material 
,QYHVWLJDWHG '&, *-6  ZDV FKDUDFWHUL]HG E\ D IXOO\ IHUULWLF PDWUL[ DQG E\ D KLJK JUDSKLWH HOHPHQWV
QRGXODULW\KLJKHU WKDQZLWKDJUDSKLWHHOHPHQWVYROXPHIUDFWLRQRIDERXWDQGQRGXOHVSHUPP
FKHPLFDOFRPSRVLWLRQLVVKRZQLQ7DE
7DEOH,QYHVWLJDWHGIHUULWLF'&,FKHPLFDOFRPSRVLWLRQ
& 6L 0Q 6 3 &X &U 0J 6Q
        

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2.2. Experimental procedure 
,Q RUGHU WR LQYHVWLJDWH WKH FRQWRXUVRI QRGXOHV RQ WKH VOLGHV SLFWXUHV WKH H[SHULPHQWDO DFWLYLW\ZDVSHUIRUPHG
DFFRUGLQJWRWKHIROORZLQJSURFHGXUH
 0HWDOORJUDSKLFSUHSDUDWLRQXSWRPPGLDPRQGSRZGHU
 3HUIRUPRQH9LFNHUVPLFURKDUGQHVVLQGHQWDWLRQDQGPHDVXUHWKHLQGHQWDWLRQGLDJRQDOV
 ,GHQWLILFDWLRQRIWKHDUHDWREHDQDO\]HGE\PHDQVRIDGLJLWDOPLFURVFRSHDQGWDNHDSLFWXUHRIWKLVDUHD
 1HZOLJKWPHWDOORJUDSKLFSUHSDUDWLRQRQO\ZLWKPPGLDPRQGSRZGHULQRUGHUWRUHPRYHDWKLFNQHVV
EHWZHHQDQGPP
 3HUIRUPDPHDVXUHPHQWRIWKHLQGHQWDWLRQGLDJRQDOVNQRZLQJWKHLQGHQWHUJHRPHWU\LWLVSRVVLEOHWR
FDOFXODWHWKHUHPRYHG'&,WKLFNQHVV
 2EVHUYHWKHVDPHDUHDRIVWDJHE\PHDQVRIWKHGLJLWDOPLFURVFRSHDQGWDNHDSLFWXUHRIWKLVDUHD
 5HSHDWVWDJHV
$FFRUGLQJWRWKLVSURFHGXUHREVHUYDWLRQVZHUHSHUIRUPHGRIWKHVDPHDUHDDWGLIIHUHQWOHYHOREWDLQLQJ
VOLFHVRIWKHVDPHDUHDWREHXVHGLQWKHDVVHPEOLQJSURFHGXUH
,Q)LJWKHLPDJHVRIWKUHHVOLFHVDUHSUHVHQWHG
 
D E F
)LJ7KUHHGLIIHUHQWVOLFHV
2.2.1 The binarization step 
,PDJHV LQ )LJ ZHUH REWDLQHG E\ VXFFHVVLYHO\ DQGXQLIRUPO\ UHPRYLQJ VOLFHV RI WKHPDWHULDO WKH LPDJHVZHUH
DYDLODEOHDWDVSDFLQJRIDERXWPPWKXVDOORZLQJDQDFFXUDWHGHVFULSWLRQRIWKHQRGXOHV
,QHDFKLPDJHWKHQRGXOHVDUHUHFRJQL]DEOHUHSUHVHQWHGE\WKHGDUNHVWHOHPHQWVQHYHUWKHOHVVVLQFHDOVRVFUDWFKHV
DQGGXVWZHUHSUHVHQWDELQDUL]DWLRQSURFHGXUHZDVDGRSWHGWRFOHDUO\LGHQWLI\MXVWWKHSULQFLSDOQRGXOHVSUHVHQWLQ
HDFK LPDJH 7KH VLPSOHVW ELQDUL]DWLRQPHWKRG UHTXLUHV WKH FKRLFH RI D WKUHVKROG LI WKH KLVWRJUDP RI WKH LPDJH
SUHVHQWVWZRGLVWLQFWSHDNVUHSUHVHQWLQJWKHREMHFWVDQGWKHEDFNJURXQGWKHFKRLFHRIWKHWKUHVKROGPD\EHDVVXPHG
DV WKHVHSDUDWLQJHOHPHQWEHWZHHQWKHWZRSHDNV7KLVVLWXDWLRQLVQRWYHU\FRPPRQZKHQGHDOLQJZLWKUHDOGDWD
WKHUHIRUHVRSKLVWLFDWHGPHWKRGVKDYHEHHQSURSRVHG WRDGHTXDWHO\FKRVH WKH WKUHVKROG'HSHQGLQJRQ WKHVSHFLILF
NLQGRILPDJHDWKDQGGLIIHUHQWWHFKQLTXHVZHUHSURSRVHG,Q6DXYRODHWDO>@DVXUYH\RQGRFXPHQWVELQDUL]DWLRQ
PHWKRGV ZDV SUHVHQWHG DORQJ ZLWK WKH SUHVHQWDWLRQ RI DQ DGDSWLYH ELQDUL]DWLRQ RQH 8VLQJ DXWRPDWLF GRXEOH
WKUHVKROGFRPPRQGHILFLHQFLHVRILPDJHELQDUL]DWLRQPHWKRGVZHUHRYHUFRPHE\XVLQJLQIRUPDWLRQIURPWKH&DQQ\
HGJHGHWHFWRU WRREWDLQKLJKDQG ORZ WKUHVKROG>@0RUH UHFHQWO\D ORFDOO\DGDSWLYH WKUHVKROGLQJ WHFKQLTXHZDV
SURSRVHGLQ>@LWLVEDVHGRQWKHFDOFXOXVRIORFDOPHDQ,IWKHLPDJHSUHVHQWVXQLIRUPFRQWUDVWGLVWULEXWLRQJOREDO
WKUHVKROGLQJLVDSSURSULDWH7KHLPDJHVFRQVLGHUHGLQ WKLVSDSHUZHUHDOOFDXJKWDW WKHVDPHXQLIRUPLOOXPLQDWLRQ
FRQGLWLRQVWKHUHIRUHWKHZHOONQRZQ2WVXPHWKRGZDVDGRSWHG>@WKHLGHDZDVWRILQGWKHRSWLPDOWKUHVKROGWR
VHSDUDWH WKHGDUNREMHFWVWKHQRGXOHVIURPWKHEDFNJURXQGE\PLQLPL]LQJDVXLWDEOHFRVW LQGH[0RUHSUHFLVHO\
UHIHUULQJWRRQHLPDJH LWZDVDVVXPHGWKDW LWVSL[HOVFRXOGEHUHSUHVHQWHGE\ L JUD\OHYHOV >  @L PRUHRYHU
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WKHVHWRI WKHSL[HOVZDVDVVXPHGDVGLYLGHGE\D WKUHVKROGDW OHYHO k LQ WZRFODVVHV>@7KHSL[HOVZLWK OHYHOV
>  @k EHORQJHG WR WKH EDFNJURXQG C DQG WKH SL[HOV ZLWK OHYHOV >  @k L WR WKH REMHFWV VHW  C  RU YLFH
YHUVD
7KHWRWDOQXPEHU N RISL[HOVFRXOGEHH[SUHVVHGDV
 
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7KHRSWLPDO WKUHVKROG VKRXOGSURYLGH WKHEHVW VHSDUDWLRQRI WKH WZRFODVVHV C DQG C 7KHGLVFULPLQDQWFULWHULD
KHUHLQUHFDOOHGZHUHHTXLYDOHQWRQHDQRWKHU7KH2WVXPHWKRGFRXOGEHDOVRH[WHQGHGIRUPXOWLWKUHVKROGSUREOHPV
,Q)LJWKHELQDUL]DWLRQRIWKHLPDJHVRI)LJDUHUHSRUWHG

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 
D E F
)LJ%LQDUL]DWLRQRIWKHRULJLQDOGDWDRI)LJREWDLQHGE\WKH2WVXPHWKRG

2.2.2 The 3D model 

7KH 'PRGHO RI LQYHVWLJDWHG QRGXOH ZDV LPSRUWHG LQ D FRPPHUFLDO )(0 VRIWZDUH LQ RUGHU WR VLPXODWH WKH
EHKDYLRU RI JUDSKLWH LQ WKH IHUULWLF PDWUL[ $FFRUGLQJ WR SUHYLRXV DXWKRUV UHVXOWV >  @ WKH QRGXOH ZDV
LPSOHPHQWHGRQWKH)(0DVDQDVVHPEO\RIWZRJUDSKLWHFRPSRQHQWV
 7KHILUVWFRPSRQHQWRIDVVHPEO\LVWKHQRGXOHRXWHUVKLHOGGXHWRDFDUERQVROLGGLIIXVLRQPHFKDQLVP
 7KHVHFRQGFRPSRQHQWLVWKHQRGXOHFRUHREWDLQHGGLUHFWO\IURPWKHPHOWGXULQJWKHVROLGLILFDWLRQSURFHVV
7KHFRPSRQHQWFRUHZDVREWDLQHGE\PHDQVRIDVFDOLQJSURFHGXUHRIWKH'PRGHODQGWKHQRGXOHVKLHOG
ZDVREWDLQHGDVDGLIIHUHQFHEHWZHHQWKH'PRGHODQGWKHQRGXOHFRUH)LQDOO\ WKHQRGXOHZDVVXUURXQGHGE\D
ER[RIIHUULWLFPDWUL[FKDUDFWHUL]HE\GLPHQVLRQVRIWLPHVWKHGLDPHWHURIQRGXOHDERXWPP
$QLVRWURSLFKDUGHQLQJWDQJHQWGDWDPRGHOZDVXVHGWRFKDUDFWHUL]HWKHVWUHVVVWUDLQEHKDYLRURIPDWUL[ZKHUHDVD
VLPSO\IXOO\HODVWLFEHKDYLRUZLWKDQHODVWLFPRGXOHRI*3DZDVXVHGWRLQYHVWLJDWHWKHPHFKDQLFDOEHKDYLRURI
ERWKVNLQDQGFRUHRIJUDSKLWHQRGXOHDVVKRZQLQ7DE
7DEOH,QYHVWLJDWHGIHUULWLF'&,FKHPLFDOFRPSRVLWLRQ
3KDVH (>*3D@ (7LVR>*3D@ V\>03D Q
)HUULWH    
*UDSKLWH    

7KHPHVKZDVJHQHUDWHGE\XVLQJIUHHWHWUDKHGUDOHOHPHQWVFKDUDFWHUL]HGE\PLQLPXPVL]HRIDERXWPP

5HVXOWV
3.1. Assembling procedure 
,Q)LJEWKHUHVXOWRIWKHELQDUL]DWLRQREWDLQHGE\DSSO\LQJWKH2WVXPHWKRGLVVKRZQFRQVLGHULQJWKHVOLFHRI)LJ
D$VLPSOHPRUSKRORJLFDORSHUDWLRQVEDVHGRQDUHDILOWHULQJDOORZHGWRHOLPLQDWHVRPHVPDOOREMHFWVQRWUHODWHG
WRWKHQRGXOHVWKDWPLJKWEHSUHVHQWDIWHUWKHELQDUL]DWLRQ
2QFH DOO WKH LPDJHVZHUH ELQDUL]HG DFFRUGLQJ WR WKH SURFHGXUH UHFDOOHG LQ VXEVHFWLRQ  WKH FRQWRXUV RI WKH
QRGXOHVZHUHH[WUDFWHGVHH)LJLQZKLFKWKHFRQWRXUVRIWKHQRGXOHVSUHVHQWLQLPDJHRI)LJEZHUHVKRZQ
'ZLUHGPRGHOZDVREWDLQHGE\XVLQJD VLPSOH9%FRGHZKLFKSXW WKHQXPHULFDO FRRUGLQDWHVRI FRQWRXUVRQD
WUDGLWLRQDO&$'VRIWZDUHDVVKRZQLQ)LJ
&RQVLGHULQJ WKH PDLQ QRGXOH REVHUYHG GXULQJ WKH H[SHULPHQWDO SURFHGXUH LQ RUGHU WR VLPSOLI\ WKH PRGHO WKH
VXUURXQGLQJQRGXOHVZHUHFDQFHOOHGREWDLQLQJWKHVROLG'PRGHOWREHH[SRUWHGLQWKH)(0VRIWZDUH)LJVDDQG
E
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
D E
)LJ%HJLQQLQJLPDJHSURFHVVLQJVWHSVDVRXUFHPHWDOORJUDSK\EELQDUL]HGDQGILOWHUHGUHVXOW




)LJ&RQWRXUVRIELQDUL]HGDQGILOWHUHGLPDJHLQ)LJE )LJ:LUHG'VOLFHVUHFRQVWUXFWLRQ


D E
)LJLQYHVWLJDWHGVROLG'PRGHOQRGXOHDZLUHUHSUHVHQWDWLRQEUHQGHULQJ
3.2. FEM results 
7KHDQDO\VLVZHUHSHUIRUPHGFRQVLGHULQJWZRGLIIHUHQWFRQGLWLRQV
 $VLPSO\IHUULWLFPDWUL[YROXPHZLWKDKROHLQVLGHZLWKWKHVDPHVKDSHRIWKH'QRGXOH
 $PRUHUHDOLVWLFPLFURVWUXFWXUHZLWKDJUDSKLWHQRGXOHFKDUDFWHUL]HGE\WKHSUHVHQFHRIDVKLHOGDQGRID
FRUH HPEHGGHG LQ D IHUULWLFPDWUL[ LQ WKLV FDVH WZR LQWHUIDFHV DUH SUHVHQWPDWUL[ ± JUDSKLWH VKLHOG DQG
JUDSKLWHVKLHOG±JUDSKLWHFRUHLQWHUIDFHVZHUHPRGHOHGDVDFRQWLQXXPFRQWDFWV
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,QERWKLQYHVWLJDWHGFRQGLWLRQVDQXQLD[LDO03DORDGZDVUHPRWHO\DSSOLHG03DOHVVWKDQWKHIHUULWH\LHOG
VWUHVV
,QWKHILUVWVLPXODWLRQWKHPD[LPXPYRQ0LVHVVWUHVVREWDLQHGZDVDERXW03DWKLVYDOXHLVKLJKHUWKDQWKH
IHUULWH \LHOG VWUHVV DV D FRQVHTXHQFH WKH SUHVHQFH RI KROH LQFUHDVHV WKH ORFDO VWUHVV GXH WR ZHOO NQRZQ VWUHVV
LQWHQVLW\IDFWRUSKHQRPHQRQ)LJ
)LJ9RQ0LVHVVWUHVVHV>03D@DURXQGDVOLFHRIKROH

&RQVLGHULQJ WKHJUDSKLWHQRGXOHHPEHGGHG LQ WKH IHUULWLFPDWUL[ )LJ WKHPD[LPXPYRQ0LVHV VWUHVVYDOXH
GHFUHDVHV IURP DERXW 03D WR DERXW 03D DOZD\V KLJKHU WKDQ WKH IHUULWH \LHOG VWUHQJWK 7KH JUDSKLWH
QRGXOHVSUHVHQFHUHGXFHVWKHPD[LPXPVWUHVVGXHWRWKHLQWHUDFWLRQEHWZHHQJUDSKLWHDQGIHUULWLFPDWUL[


)LJ9RQ0LVHVVWUHVVHV>03D@DURXQGDVOLFHRIJUDSKLWHQRGXOH

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&RQVLGHULQJ WKH GLVSODFHPHQW ILHOG RQ WKH LQYHVWLJDWHG VOLFH )LJ  DQ LQWHUQDO GHERQGLQJ DW WKH LQWHUIDFH
JUDSKLWH VKLHOG  JUDSKLWH FRUH LV REVHUYHG DOWKRXJK WKH VLPXODWLRQ ZDV SHUIRUPHG XQGHU WKH K\SRWKHVLV RI DQ
LGHQWLFDO JUDSKLWH PHFKDQLFDO EHKDYLRU LQ WKH VKLHOG DQG LQ WKH FRUH 7KLV EHKDYLRU DJUHHV ZLWK WKH REVHUYHG
GDPDJLQJPLFURPHFKDQLVPVRFDOOHG³RQLRQOLNH´$Q\ZD\SUHOLPLQDU\H[SHULPHQWDO UHVXOWV >@FRQILUP
WKHSUHVHQFHRIDQLQWHUQDOPHFKDQLFDOSURSHUWLHVJUDGLHQWLQVLGHWKHJUDSKLWHQRGXOHV)XUWKHUDQDO\VLVZLOODOORZWR
TXDQWLWDWLYHO\GHILQHWKLVPHFKDQLFDOSURSHUWLHVJUDGLHQW1HZVLPXODWLRQVZLOODOORZWRGHVFULEHPRUHSUHFLVHO\WKH
SKHQRPHQRQ


 

)LJ'LVSODFHPHQWILHOGDURXQGWKHLQYHVWLJDWHGQRGXOHVOLFH
&RQFOXVLRQ
,QWKLVZRUNDQXPHULFDOSURFHGXUHEDVHGRQLPDJHDQDO\VLVZDVSURSRVHGDQGDSSOLHGWRJHQHUDWHD'PRGHORI
DQRGXOHHPEHGGHGLQDIHUULWLF'&,8VLQJDFRPPHUFLDO)(0FRGHWKH'PRGHORIWKHJUDSKLWHQRGXOHZDVXVHG
WR LQYHVWLJDWH WKH PHFKDQLFDO HIIHFW RI JUDSKLWH LQ WKH '&, PDWUL[ &RQVLGHULQJ WKH REVHUYHG GDPDJLQJ
PLURPHFKDQLVPLQWHUQDOGHERQGLQJLQJUDSKLWHHOHPHQWVWKHJUDSKLWHHOHPHQWEHKDYLRUZDVVLPXODWHGK\SRWL]LQJ
WKHSUHVHQFHRIDQLQWHUQDOLQWHUIDFHEHWZHHQDQRGXOHFRUHREWDLQHGGLUHFWO\IURPWKHPHOWDQGDQRGXOHVKLHOG
REWDLQHGE\PHDQVRIFDUERQVROLGGLIIXVLRQPHFKDQLVPDQGRIDQ³H[WHUQDO´VXUIDFHEHWZHHQWKHQRGXOHDQGWKH
IHUULWLFPDWUL[$FFRUGLQJWKH)(0VLPXODWLRQUHVXOWVWKHIROORZLQJFRQFOXVLRQVFDQEHVXPPDUL]HG
 ,PDJHDQDO\VLVDOORZVWRREWDLQDUHDOLVWLF'PRGHORIWKHJUDSKLWHHOHPHQWVLQD'&,
 &RPSDULQJWKHUHVXOWVREWDLQHGZLWKDIHUULWLFPDWUL[ZLWKHPEHGGHGKROHVDQGDIHUULWLFPDWUL[ZLWKHPEHGGHG
JUDSKLWH QRGXOHV DQG DSSO\LQJ WKH VDPH ORDG WKH SUHVHQFH RI JUDSKLWH QRGXOHV GHFUHDVHV WKH VWUHVV
LQWHQVLILFDWLRQQHDUWKHJUDSKLWHHOHPHQWV$VDFRQVHTXHQFHIHUULWLF'&,PLFURVWUXFWXUHFDQQRWEHFRQVLGHUHG
DVDIHUULWLFGXFWLOHPDWUL[ZLWKHPEHGGHGKROHV
 7KHK\SRWKHVLVRIDQLQWHUQDOLQWHUIDFHLQVLGHWKHJUDSKLWHHOHPHQWVGXHWRWKHVROLGLILFDWLRQSURFHVVDOORZVWR
GHVFULEH WKH REVHUYHG ³RQLRQOLNH´ GDPDJLQJ PLFURPHFKDQLVP DOWKRXJK LQ WKH SUHVHQW VLPXODWLRQ QR
PHFKDQLFDO SURSHUWLHV JUDGLHQW ZDV FRQVLGHUHG $ IXUWKHU GHYHORSPHQW RI WKLV ZRUN ZLOO FRQVLGHU DOVR WKLV
JUDGLHQW
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